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1

METHOD OF AND APPARATUS FOR
SIMULATING INTEGRATED CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a method of and an
apparatus for simulating an integrated circuit having an
analog part and a digital part.

2. Description of the Related Art

A simulator for simulating the operation of a large-scale
integrated circuit has a function of simulating a digital part
of the integrated circuit and a function of simulating an
analog part thereof.

FIG. 1 1s a flowchart showing the operation of the
simulator for stmulating a large-scale 1ntegrated circuit. Step
S101 divides a total simulation time 1nto n sections. Steps
S102 through S106 simulate the digital and analog parts of
the integrated circuit alternately 1 each of the sections in
order of, for example, T101 to T112 as shown 1 FIG. 2, and

provides a simulation result.

The simulator stimulates the operation of the integrated
circuit 1n all of the sections even 1n a section where the
integrated circuit produces no signal. This 1s a waste of time.
In particular, when the analog part of the integrated circuit
produces no signal 1n some section, 1t 1s quite useless to
simulate the analog part 1n the section because it takes a long
fime to simulate the analog part.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a simu-
lator for speedily simulating an integrated circuit even 1if the
operation of the mtegrated circuit 1s unknown beforehand.

Another object of the present mmvention 1s to provide a
method of and apparatus for speedily simulating an inte-
orated circuit whose operation 1s roughly known 1n advance.

In order to accomplish the objects, the present invention
provides a simulator for simulating the operation of an
integrated circuit, having a digital simulator for simulating
a digital part of the integrated circuit 1n each of sections
equally divided from a total simulation time, an analog
simulator for simulating an analog part of the integrated
circuit 1n each of the sections, and a controller for control-
ling the digital and analog simulators. The controller deter-
mines for each of the sections whether or not the analog part
must be simulated 1n the section, and 1if 1t 1s determined not
to simulate the analog part 1n the section, omits the simu-
lation of the analog part 1n the section.

The controller may omit the simulation of the analog part
in a section 1f the voltage of every node of the analog part
shows no inclination before simulating the analog part 1n the
section and 1f the levels of signals passed from the digital
part to the analog part 1n the section are unchanged before
and after the simulation of the digital part in the section.

The present mvention also provides a stmulator for simu-
lating the operation of an 1ntegrated circuit, having a digital
simulator for simulating a digital part of the integrated
circuit 1n each of sections equally divided from a total
simulation fime, an analog simulator for simulating an
analog part of the integrated circuit 1n each of the sections,
a table for storing analog-simulation-time information that
indicates for each of the sections whether or not the analog
part must be stmulated 1n the section, and a controller for
controlling the digital and analog simulators. The controller
refers to the table to determine for each of the sections
whether or not the analog part must be simulated in the
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2

section, and 1if the table indicates not to simulate the analog
part 1n the section, omits the simulation of the analog part in
the section.

The simulator may have a plurality of the tables for
storing simulation time nformation for the different num-
bers of sections divided from a simulation time.

The present invention also provides a method of simu-
lating the operation of an integrated circuit, including the
steps of (a) simulating a digital part of the integrated circuit
in each of sections divided from a total simulation time, (b)
determining for each of the sections in which the digital part
has just been simulated whether or not an analog part of the
integrated circuit must be simulated in the section, (c)
simulating the analog part 1n the section if 1t 1s determined
to simulate the analog part in the section, and (d) omitting
the simulation of the analog part in the section 1f 1t 1s
determined not to simulate the analog part 1n the section. The
step (a) 1s repeated on each of the sections.

The step (b) may determine not to simulate the analog part
in the section if the voltage of every node of the analog part
shows no inclination before the stmulation of the analog part
in the section and if the levels of signals passed from the
digital part to the analog part 1n the section are unchanged
before and after the simulation of the digital part in the
section.

The step (b) may determine whether or not the analog part
must be simulated in the section according to a table for
preliminarily storing analog-simulation-time information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart showing the operation of a simulator
according to a prior art;

FIG. 2 schematically shows the operation of the simulator
of FIG. 1;

FIG. 3 1s a block diagram showing a simulator according,
to a first embodiment of the present imvention and an
integrated circuit simulated by the simulator;

FIG. 4 1s a flowchart showing the operation of the
simulator of FIG. 3;

FIG. § schematically shows the operation of the stmulator
of FIG. 3;

FIG. 6 1s a block diagram showing a stmulator according,
to a second embodiment of the present mvention and an
integrated circuit simulated by the simulator;

FIG. 7 1s a block diagram showing an SRAM 30 simu-
lated by the simulator of FIG. 6;

FIG. 8 1s a flowchart showing the operation of the
simulator of FIG. 6;

FIG. 9 schematically shows the operation of the simulator
of FIG. 6; and

FIG. 10 1s a flowchart showing the operation of a modi-
fication of the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The embodiments of the present invention will be
explamed with reference to the drawings. FIG. 3 1s a block
diagram showing a simulator according to a first embodi-
ment of the present mvention and an integrated circuit
simulated by the simulator.

The stmulator 10 has an analog simulator 1 for stmulating,
an analog part 21 of the integrated circuit 20, a digital
simulator 2 for simulating a digital part 22 of the integrated
circuit 20, and a control program 3 for controlling the
operations of the analog and digital stmulators 1 and 2.
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The control program 3 1s stored 1n, for example, a ROM
and executed by a microprocessor (not shown). The control
program 3 1ssues a simulation mstruction Al to the analog
simulator 1 and a simulation instruction D1 to the digital
simulator 2, to control the simulators 1 and 2 according to
the tlowchart of FIG. 4. When completing the simulations,
the simulators 1 and 2 provide the control program 3 with
completion signals A2 and D2. Then, the control program 3
carries out the next simulations or terminates the operation.

The operation of the analog part 21 of the integrated
circuit 20 1s not known. The analog simulator 1 1s connected
to all nodes of the analog part 21, and the digital simulator
2 1s connected to all nodes of the digital part 22.

The operation of the simulator 10 will be explained with
reference to FIGS. 4 and 5, in which FIG. 4 1s a flowchart
showing the operation and FIG. 5 1s a schematic view
showing the operation.

Step S1 of FIG. 4 divides a total stmulation time 1nto n
sections, so that the integrated circuit 20 1s simulated 1in each
of the sections one after another.

Step S2 mmtializes a target section K to O. Step S3
increments the target section K by one.

Step S4 tests 1if K>n. If 1t 1s not K>n, step S5 simulates the
digital part 22 of the integrated circuit 20 1n the target section
K. Steps 6 and 7 determine whether or not the analog part
21 of the integrated circuit 20 must be simulated 1n the target
section K.

More precisely, the step S6 determines whether or not the
voltage of every node of the analog part 21 shows no
inclination at the start of the target section K, 1.e., whether
or not the analog part 21 has a factor to change. The step S7
determines if the levels of signals passed from the digital
part 22 to the analog part 21 in the target section K are
unchanged before and after the simulation of the digital part
22 1n the target section K. Namely, this step compares the
levels of the signals before and after the simulation of the
digital part 22 1n the target section K by storing the signal
levels 1n a memory.

If any one of the steps S6 and S7 provides a negative
answer, step S8 simulates the analog part 21 in the target
section K. When both the steps S6 and S7 provide an
affirmative answer, the simulation of the analog part 21 1n
the target section K 1s omitted, and the flow returns to the
step S3. The step S3 increments the target section K by one
and repeats the steps mentioned above.

FIG. 5 shows an example of the operation of the stmulator
10. A total simulation time 1s uniformly divided into six
sections. Before simulating the analog part 21 of the inte-
orated circuit 20 1n the target section K, the steps S6 and S7
determine whether or not the analog part 21 must be
simulated in the target section K.

In FIG. 5, the steps S6 and S7 provide each an atfirmative
answer in the third section (t1 to t2) and fifth section (t3 to
t4), so that the simulation of the analog part 21 in each of
these sections 1s omitted. More precisely, the simulations are
carried out 1n order of digital simulation 11, analog simu-
lation T2, digital simulation T3, analog simulation T4,
digital simulation TS, digital simulation T6, analog simula-
tion T7, digital simulation T8, digital simulation T9, and
analog simulation T10.

In this way, the first embodiment automatically deter-
mines 1n each of the sections whether or not the analog part
21 of the integrated circuit 20 must be simulated. The first
embodiment, therefore, 1s capable of shortening a simulation
fime even 1f the operation of an integrate circuit to be
simulated 1s not known 1n advance.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 6 1s a block diagram showing a stmulator according,
to the second embodiment of the present invention, and an
integrated circuit simulated by the simulator.

In the second embodiment, the operation of an analog part
of the mtegrated circuit 1s known beforehand.

The simulator 10A has an analog simulator 1, a digital
simulator 2, and a control program 3A for controlling the
operations of the simulators 1 and 2 as shown i the
flowchart of FIG. 8. The control program 3A refers to a table
4 for storing analog-simulation-time 1nformation that indi-
cates every section 1in which the analog part 31 of the
integrated circuit requires no simulation.

The integrated circuit to be simulated 1s a static RAM
(SRAM) 30. All nodes of the analog part 31 of the SRAM

30 are connected to the analog simulator 1, and all nodes of
a digital part 32 of the SRAM 30 are connected to the digital

simulator 2.

The table 4 contains one or more pairs of a starting time
and a terminating time between which the analog part 31
need not be simulated. The control program 3 recognizes the
starting time and the terminating time of the section cur-
rently simulated and judges whether or not the analog part
31 must be simulated 1n the section according to whether or
not the current section includes a starting time or a termi-
nating time contained 1n the table 4 or 1s located between the
starting time and the terminating time of any pair.

FIG. 7 1s a block diagram showing the structure of the
SRAM 30 to be simulated.

The SRAM 30 has a row address buifer 41 for receiving,
a row address, a row address register 42, and a row address
decoder 43. These elements 41 to 43 are cascaded and
connected to the rows of a memory cell array 44 for storing
data. The SRAM 30 further has a column address buffer 45
for recerving a column address, a column address register
46, and a column address decoder 47. These elements 45 to
47 are cascaded and connected to the columns of the
memory cell array 44.

To write data into the memory cell array 44, a row address
and column address are provided to specify a memory cell
in the array 44, and data 1s written 1nto the specified cell
through an I/O port, a data controller 48, and a sense
amplifier 49.

To read data out of the memory cell array 44, a row
address and a column address are provided to specily a
memory cell in the array 44, and data 1n the specified cell 1s
transterred to the I/O port through the sense amplifier 49 and
an output circuit 50.

A signal generator 51 generates a control signal for
controlling the data controller 48 and a chip enable signal
CE used to specity an address. A clock generator 52 gen-
crates a clock signal.

The analog part 31 of the SRAM 30 includes the memory
cell array 44 and sense amplifier 49, and the digital part 32
thereof 1ncludes the other elements.

The operation of the second embodiment will be
explained with reference to FIGS. 8 and 9, in which FIG. 8
1s a flowchart showing the operation and FIG. 9 1s a
schematic view showing the operation.

Step S11 of FIG. 8 reads from the table 4 one or more
pairs of a starting time and a terminating time between
which the analog part 31 need not be simulated. Step S12
divides a total simulation time into n sections. Thereafter,
simulations are carried out in the sections sequentially.

Steps S13 to S16 are the same as the steps S2 to S5 of FIG.
4. The step S16 simulates the digital part 32 of the SRAM
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30 m a target section K. Step S17 determines whether or not
the analog part 31 must be simulated 1n the section according
to whether or not the current target section includes a
starting time or a terminating time contained in the table 4
or 1s located between the starting time and the terminating
fime of any pair.

If the step S17 provides an affirmative answer (YES), step
S18 simulates the analog part 31 in the target section K. If
the step S17 provides a negative answer (NO), the flow
returns to the step S14 without simulating the analog part 31
in the target section K.

In FIG. 9, 1t 1s determined that the analog part 31 1s not
simulated in the second and third sections (t11 to t12).
Namely, simulations are carried out 1n order of digital
simulation T1, analog simulation T2, digital simulation T3,
digital stmulation T4, digital simulation TS, analog simula-
tion T6, digital stmulation T7, analog simulation T8, digital
simulation T9, and analog simulation T10.

It may be known in advance that th analog part 31 1s
simulated 1n the first half of a simulation time. In this case,
the table 4 specifies only a starting time from which the
analog part 31 need not be simulated, and the control
program 3A 1s programmed to skip the steps S17 and S18
once the starting time 1s attained.

The second embodiment specifies one or more periods in
which the analog part 31 1s not simulated. On the contrary,
it 1s possible to specify a period 1n which the analog part 31
1s simulated as shown 1n FIG. 10.

FIG. 10 1s a flowchart showing the operation of a modi-
fication of the second embodiment.

The modification has steps S11a and S17a instead of the
steps S11 and S17 of FIG. 8. Unlike the step S11 that
specifles time periods 1 which the analog part 31 of the
SRAM 30 1s not simulated, the step S1la specifies time
periods 1n which simulation of the analog part 31 1s
necessary, according to a table 4 storing analog-simulation-
time 1nformation. In this case, the table 4 contains one or
more pairs of a starting time and a terminating time between
which the analog part 31 must be stmulated. The step S17a
determines whether or not a current target section K must
simulate the analog part 31 according to whether or not the
current section includes a starting time or a terminating time
contained 1n the table 4 or 1s located between the starting
fime and the terminating time of any pair.

If the step S17a provides an affirmative answer (YES),
step S18 simulates the analog part 31 1n the target section K.
[f the step S17a provides a negative answer (NO), the analog
part 31 1s not stmulated in the target section K, and the flow
returns to the step S14 to select the next section.

It may be known 1n advance that the analog part 31 1s
simulated 1n the second half of a simulation time. In this
case, the table 4 specifies only a starting time from which the
analog part 31 must be simulated, and the control program
3A 1s programmed to skip the step S17a once the starting,
fime 1s attained.

What 1s claimed 1s:

1. A simulator for simulating the operation of an inte-
orated circuit, comprising;

a digital simulator for simulating a digital part of the

integrated circuit in each of sections equally divided
from a total simulation time;

an analog simulator for simulating an analog part of the
integrated circuit in each of the sections; and
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control means for controlling said digital and analog

simulators, determining for each of the sections

whether or not the analog part must be simulated 1n the

section, and omitting the simulation of the analog part

in the section 1if 1t 1s determined not to simulate the
analog part 1n the section.

2. The simulator according to claim 1, wherein said

control means omits the simulation of the analog part 1n a

ogrven one of the sections 1f the voltage of every node of the
analog part shows no inclination before simulating the
analog part 1n the section and 1f the levels of signals passed
from the digital part to the analog part in the section are
unchanged before and after the simulation of the digital part
in the section.

3. A simulator for simulating the operation of an 1inte-
orated circuit, comprising;:

a digital simulator for simulating a digital part of the
integrated circuit 1n each of sections equally divided
from a total stmulation time;

an analog simulator for simulating an analog part of the
integrated circuit 1in each of the sections;

a table for storing analog-simulation-time information
that indicates at least one time period for which the
analog part must be simulated; and

control means for controlling said digital and analog
simulators, referring to the table to determine for each
of the sections whether or not the analog part must be
simulated 1n the section, and omitting the simulation of
the analog part 1n the section 1f the table indicates not
to simulate the analog part in the section.

4. The simulator according to claim 3, comprising a
plurality of said tables for storing analog-simulation-time
information for the different numbers of sections divided
from the simulation time.

5. A method of simulating the operation of an integrated
circuit, comprising the steps of:

(a) simulating a digital part of the integrated circuit in
cach of sections equally divided from a total simulation
time;

(b) determining for a given one of the sections in which
the digital part has just been simulated whether or not

an analog part of the integrated circuit must be simu-
lated 1n the section;

(c) simulating the analog part in the section if it is
determined to simulate the analog part in the section;
and

(d) omitting the simulation of the analog part in the
section 1if 1t 1s determined not to simulate the analog
part 1n the section,
said step (a) being repeated on each of the sections.

6. The method according to claim 5, wherein said step (b)

determines not to simulate the analog part in the section it
the voltage of every node of the analog part shows no
inclination before the simulation of the analog part 1n the
section and 1if the levels of signals passed from the digital
part to the analog part 1n the section are unchanged before
and after the simulation of the digital part in the section.

7. The method according to claim 5, wherein said step (b)

determines whether or not the analog part must be simulated

in the section according to a table that stores analog-
simulation-time 1nformation 1n advance.
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